SUMMARY:
Antibody-eliciting capacity of peritoneal macrophages obtained from the immunologically mature adult as well as immature, five-day-old, suckling rats was studied.
Sheep red blood cells were used as the test antigen and the antibody-forming activity was assessed by the number of hemolytic plaque-forming cells per unit number of spleen cells or the hemagglutinin titer of the serum or both. It was shown that transplantation of the SRBCcontaining macrophages derived from adult rats elicited the apparently normal antibody response in adult rats but not in the immunologically deficient suckling animals.
It was also found that the macrophages of the suckling rats were capable of ingesting SRBC and of transferring the antibody-eliciting capacity when transplanted into normal adult rats after ingestion of the antigen.
It was concluded from these results that maturation of the phagocytic as well as antigen-processing capacity of macrophages preceded the differentiation of immunologically competent, antigen-reactive cells or the precursor of antibody-forming cells or both.
INTRODUCTION
During the last ten years much attention has been paid to the role of macrophages in antibody production.
Fishman (1961) reported that RNA extracted from macrophages which had been incubated with T2-bacteriophage had an ability to stimulate normal lymphoid cells to produce neutralizing antibodies against the T2-bacteriophage. Subsequently, Friedman (1964) and Gottlieb, Glisin and Doty (1967) also demonstrated the immunogenicity of RNA extracted from the antigen-containing macrophages. Induction of antibody production by macrophages ingesting antigens was reported by Argyris (1967) and Argyris and Askonas (1968) in a system in which the antigen-containing macrophages were transferred to normal syngeneic recipient animals. These observations strongly suggest that the macrophages play an important role in the recognition and procession of antigens. However, the role of macrophages in such immunologically deficient animals as suckling, tolerant, or X-ray irradiated ones, has not been fully explored. Ontogenic studies described by Good and Papermaster (1964) and Smith, Miescher and Good (1966) suggested that the maturation of phagocytes preceded that of lymphoid cells. More recently, Argyris (1968) reported that immunological immaturity in newborn mice was not due to the lack of antibody-synthesizing cells but due, at least in part, to the lack of antigen-recognizing or antigen-processing cells.
In the previous report the author showed that the suckling rats younger than 14 days of age lacked the primary antibody-forming capacity directed to sheep red blood cells (SRBC) (Ishiguro, 1970) . In the present work attempts were made to demonstrate the antibody-eliciting capacity of macrophages in these immunologically immature suckling animals. The capacity of these macrophages was studied by transplanting them into adult rats and those from adults into sucklings. •~•\•~ Total nucleated cells •oe•\•oe Macrophages cells). One hour after the antigen injection, peritoneal cells were collected by washing the peritoneal cavity three times with Hanks' BSS containing heparin (2U./ ml). The cells were centrifuged at 500g for 7 min at 4 C. The extracellular RBC were lysed by suspending the cell pellets in distilled water with gentle inversion for 40 sec, then isotonicity of the cell suspesnion was restored by adding with an equal volume of double strength Hanks' BSS. Thereafter the peritoneal cells were washed three times in Hanks' BSS and the final cell pellets were suspended in Hanks' BSS without heparin. All these procedures were carried out at 4 C. Approximately 107 antigen-containing macrophages were transferred intraperitoneally into adult and 106 cells into suckling rats.
Contamination with the stroma of the peritoneal cell suspension processed as described was almost negligible, since this cell suspension failed to evoke demonstrable increase in the number of 19S-PFC as well as serum hemagglutinin titers in ddl mice.
Cell count : Both spleen cells and peritoneal cells were counted by the method described by Notake et al. (1961) using a 0.5% Congo red solution as a diluent. By this method dead cells were easily ruled out, since viable cells were not stained with Congo red. As judged by this method, 80 to 90% of the peritoneal cells processed in the manner described above were viable.
Differential cell counts of peritoneal cells were carried out with 0.01% crystal violet in 1 % acetic acid.
RESULTS

Phagocytic Capacity of Macrophages Obtained from Suckling Rats
Two-day-old suckling rats were injected intraperitoneally with 0.1 ml of 20% SRBC.
One hour later peritoneal cells were collected by washing the peritoneal The number of PFC and the hemagglutinin titers of adult rats after the intraperitoneal injection of SRBC are shown in Fig. 3 . The number of 19S-PFC reached its peak value of 1,265 per 106 spleen cells on day 4 and that of 7S-PFC on day 7 at 640 per 106 spleen cells. The serum antibody titer reached its maximum value of 8.0 on day 5, when 2-ME resistant antibody was 4.0.
The Dynamics of PFC and the Hemagglutinin Titers of Adult Rats Receiving SRBC-containing Macrophages Obtained from Adult Rats
In the following transfer-experiments, antigen-containing macrophages were obtained three days after the glycogen provocation.
The macrophages were then transferred intraperitoneally into normal adult rats, and both PFC and hemagglutinin titers were examined at appropriate intervals after the transfer.
As illustrated in Fig. 4 , apparent increase of 19S-PFC after the transfer of antigen-containing macrophages was noted on day 3. On day 6 the number of 19S-PFC reached its maximum level of 482 (364 to 600) per 106 spleen cells. On the other hand, increase of 7S-PFC was detected initially on day 5 and reached its maximum level on day 7, when its number per 106 spleen cells was 336 (89 to 800). After day 6 or 7 the number of both 19S-PFC and 7S-PFC leveled off. The initial appearance of total antibody was noted on day 4. After day 6 the total antibody maintained its titer of 6 to 8. 2-ME-resistant antibody appeared initially on day 5, and after day 6 maintained its titer of 5 to 6. The difference between dynamics of the PFC of rats injected with SRBC only and those of rats transferred with SRBC-containing macrophages was merely in the delayed appearance and smaller number of 19S-PFC.
These differences may be ascribed to the total antigen doses administered to the two groups. In the previous observation, the macrophages obtained from sucklings were demonstrated to have the phagocytic capacity.
The following experiment was attempted to ascertain whether or not the antigen-containing macrophages from suckling rats elicit antibody production in the adult recipients.
Suckling rats aged two days were injected intraperitoneally with 0.5 ml of a 0.2% glycogen solution and three days later received 0.2 ml of 20% SRBC.
One hour later, 107 antigen-containing macrophages were transferred intraperitoneally into non-immunized, adult recipients. Table 2 shows the number of PFC and hemagglutinin titer examined 7 days after The following two experiments were performed in order to ascertain the specificity of antibody-eliciting capacity of antigen-containing macrophages.
The numbers of PFC and hemagglutinin titers against both CRBC and SRBC were examined with the adult rats transferred with SRBC-containing macrophages obtained from suckling rats.
The methods to detect PFC and hemagglutinin titers against CRBC were identical with those against SRBC. As illustrated in Table 3 , no significant increase in number of PFC nor in hemagglutinin titers against CRBC was noted in the recipient rats transferred with SRBC-containing macrophages. Table 3 . Anti-CRBC-PFC and hemagglutinin titers of adult recipients which were transplanted 7 days before, with SRBC-containing macrophages obtained from suckling rats
The five-day-old suckling rats had received glycogen stimulation three days before the transplantation. 
